In this paper, we introduce and investigate some gb-separation axioms in bigeneralized topological spaces. Using the concepts of generalizedb-open sets due to Ganster and Steiner, the study defines and characterizes gbµ (m,n) -T 1 spaces, gbµ (m,n) -T 2 spaces, gbµ (m,n) -T 3 spaces, gbµ (m,n) -T 4 , spaces gbµ (m,n) -regular spaces, gbµ (m,n) -normal spaces.
Introduction
In 1996, Andrijević [2] introduced a new class of generalized open sets in a topological space, the so-called b-open sets. Levine [8] introduced the concept of generalized closed sets in topological space. Ganster and Steiner [6] generalized the concept of closed sets to b-generalized closed sets and generalized b-closed sets. The notion of generalized b-closed sets and its various characterizations are given by A. A. Omari and M. S. M. Noorani [1] . The investigation on generalization of closed sets has lead to significant contribution to the theory of separation axioms. Khaleefah [7] introduced a new types of separation axioms via generalized b-open sets in topological spaces. In 2002, Császár [4] introduced the concepts of generalized topological spaces and in 2010, C. Boonpok [3] introduced the concepts of bigeneralized topological spaces and studied (m, n)-closed sets and (m, n)-open sets in bigeneralized topological spaces. In 2012, Torton, Viriyapong, and Boonpok [10] studied some separation axioms in bigeneralized topology.
In this paper, we introduce the notions of some gb-separation axioms in bigeneralized topological spaces using the generalized b-open sets and investigate some of their properties.
Preliminaries
Definition 2.1 [5] Let X be a nonempty set. A collection µ of subsets of X is a generalized topology (or briefly GT ) on X if it satisfies the following:
If µ is a GT on X, then (X, µ) is called a generalized topological space (or briefly GTS ), and the elements of µ are called µ-open sets. A subset F of X is said to be µ-closed if the complement X\F of F is µ-open.
Definition 2.2 [4]
Let (X, µ) be a GTS and let A ⊆ X. The µ-interior of A, denoted by i µ (A), is the union of all µ-open sets contained in A. The µ-closure of A, denoted by c µ (A), is the intersection of all µ-closed sets containing A.
(ii) The µb-closure of A, denoted by bc µ (A) is the intersection of all µb-closed sets containing A.
(iii) The µb-interior of A, denoted by bi µ (A) is the union of all µb-open sets contained in A.
(ii) The gµb-closure of A, denoted by gbc µ (A), is the intersection of all gµb-closed sets containing A. Thus, A ⊆ gbc µ (A).
(3) The gµb-interior of A, denoted by gbi µ (A), is the union of all gµb-open sets contained in A. Hence, gbi µ (A) ⊆ A.
Theorem 2.5 Let (X, µ) be a GT S and A ⊆ X.
Definition 2.6 [3] Let X be a nonempty set and let µ 1 , µ 2 be generalized topologies on X. The triple (X, µ 1 , µ 2 ) is said to be a bigeneralized topological space (briefly BGT S).
Throughout this paper, m and n are elements of the set {1, 2} where m = n. Let (X, µ 1 , µ 2 ) be a BGT S and A a subset of X. The closure of A and the interior of A with respect to µ m are denoted by c µm (A) and i µm (A), respectively. The gb-closure of A and the gb-interior of A with respect to µ m are denoted by gbc µm (A) and gbi µm (A), respectively. Definition 2.7 [10] A bigeneralized topological space (X, µ 1 , µ 2 ) is said to be (i) µ (m,n) -T 1 space if for any x, y ∈ X with x = y, there exist a µ m -open set U and a µ n -open set V such that x ∈ U but y / ∈ U and y ∈ V but x / ∈ V .
(ii) µ (m,n) -regular space if for any x ∈ X and for any µ m -closed subset
(iv) µ (m,n) -normal space if for any µ m -closed set F and for any µ n -closed set
Remark 2.8 [10]
The notion of µ (1,2) -regular space was introduced by Min in [9] .
gb-Separation Axioms
In this section, we introduce some gbµ (m,n) -separation axioms in bigeneralized topological spaces and study some of their properties.
Definition 3.1 A bigeneralized topological space (X, µ 1 , µ 2 ) is said to be a
(iii) gbµ (m,n) -regular space if for any x ∈ X and for any µ m -closed subset
To see this consider the following examples.
Example 3.4 Let X = {a, b, c}. Consider the two generalized topologies on X as follows: µ 1 = {∅, {a}, {b, c}, X} and µ 2 = {∅, {c}, {a, c}}. Then, all subsets of X are gµ 1 b-open and the gµ 2 b-open sets of X are ∅, {a}, {b}, {c}, {b, c}, {a, c} and X. Thus, (X,
Example 3.5 Let X = {a, b, c}. Consider the two generalized topologies on X as follows: µ 1 = {∅, {a}, {b, c}, X} and µ 2 = {∅, {c}, {b, c}}. The gµ 1 bopen sets of X are ∅, {a}, {b}, {c}, {a, b}, {a, c}, {b, c} and X and the gµ 2 bopen sets of X are ∅, {a}, {b}, {c}, {b, c}, {a, c} and X. Then (X, µ 1 , µ 2 ) is gbµ (1,2) -regular but not µ (1,2) -regular. Lemma 3.9 Let (X, µ 1 , µ 2 ) be a BGT S. The following are equivalent:
For each q ∈ X where q = p, there exists a gµ m b-open set U such that p ∈ U and q / ∈ gbc µn (U ).
For each
Proof : (1) ⇒ (2) Let p ∈ X. For each q = p, there exists gµ m b-open set U such that p ∈ U and q / ∈ gbc µn (U ). Thus,
for every q = p, q / ∈ A. Therefore, there exists a gµ m b-open set U such that p ∈ U and q / ∈ gbc µn (U ).
Theorem 3.10 Let (X, µ 1 , µ 2 ) be a gbµ (m,n) -T 2 space. Then the following hold:
1. Let p ∈ X. For each q ∈ X where q = p, there exists a gµ m b-open set U such that p ∈ U and q / ∈ gbc µn (U ).
Proof : (1) Let p ∈ X. Since X is a gbµ (m,n) -T 2 , for each q ∈ X such that q = p, there exist a gµ m b-open set U and a gµ n b-open set V such that U ∩ V = ∅ where p ∈ U and q ∈ V. Suppose that q ∈ gbc µn (U ). Then for all gµ n b-open set O with q ∈ O, O ∩ U = ∅. This is a contradiction since V is a gµ n b-open set with q ∈ V and V ∩ U = ∅. Thus, q / ∈ gbc µn (U ). (2) Follows from Lemma 3.9.
Theorem 3.11 Let (X, µ 1 , µ 2 ) be a BGTS. Then the following are equivalent: (ii) If x ∈ X and G ∈ µ m with x ∈ G, then there exists a gµ m b-open set V containing x such that x ∈ V ⊆ gbc µn (V ) ⊆ G.
Proof : (i) Let x ∈ X and F be a µ m -closed set in X with x / ∈ F. Since (X,
(ii) This follows immediately from Lemma 3.12.
Theorem 3.14 Let (X, µ 1 , µ 2 ) be a BGT S. Then the following are equivalent:
Proof : (i) ⇒ (ii) Let F be a µ m -closed set and K a µ n -closed set in X such that
Theorem 3.15 Let (X, µ 1 , µ 2 ) be a gbµ (m,n) -normal space. Then the following hold:
Proof : (i) Let F be a µ m -closed set and K be a µ n -closed set in X where F ∩ K = ∅. By Theorem 3.14, there exist a gµ m b-open set U and a
(ii) Let F be a µ m -closed set and G ∈ µ n such that F ⊆ G. Then X\G is µ nclosed and F ∩ (X\G) = ∅. Since (X, µ 1 , µ 2 ) is gbµ (m,n) -normal, by Theorem 3.14, there exist a gµ m b-open set U and a Suppose that X is a gbµ (m,n) -T 1 space. Let y 1 , y 2 ∈ Y such that y 1 = y 2 . Since f is a bijection, there exist x 1 , x 2 ∈ X such that f (x 1 ) = y 1 , f (x 2 ) = y 2 and x 1 = x 2 . Since X is a gbµ (m,n) -T 1 space, there exist gµ m X b-open set U and gµ n X b-open set V such that x 1 ∈ U but x 1 / ∈ V and x 2 ∈ V but x 2 / ∈ U. Hence f (x 1 ) = y 1 ∈ f (U ) but f (x 1 ) = y 1 / ∈ f (V ) and f (x 2 ) = y 2 ∈ f (V ) but f (x 2 ) = y 2 / ∈ f (U ). Since f is pairwise quasi gµ 
